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two cases of four millimetres, lasting from one to two
seconds, and of 6 millimetres, lasting four seconds. Injection
of muscle extract was practised twice ; in one there was a
marked fall of 38 millimetres lasting four minutes 28
seconds, and in the other a fall of only four millimetres,
lasting one minute 55 seconds. The observations on the
kidney, the liver, and the brain were more numerous and are
tabulated according to whether they caused a rise or fall
(Tables V. and VI.).

TABLE V.&mdash;Showing Rise of Pressure after Injection of
Various Extracts.

TABLE VI.&mdash; Showing Fall of Pressure after Injeoting Various
Extracts.

In Table3 V. and VI. the heading "Maximum " means the highest or
lowest maximum point the blood pressure reached respectively during
the interval in which rise or fall occurred. The duration in Table IV. is

qualified in many cases by the words "at least" because it was neces-
sary in these cases to stop the kvmograph and so economise tricing
paper in order to get the whole series on one tracing.

It is obvious that though other organs than the kidney
occasionally show a rise of pressure on injection, yet the
rise is small and of short duration; whereas the kidney
effect of a rise, though varying within considerable limits, is
a striking feature, and the same may be said of the duration
in which such rise takes place ; no other organ has been
noticed to have such an effect FO frequently. The liver
and brain show a much greater tendency to cause a fall
of blood pressure and even then such fall is generally
of very brief duration. One point to which it is neces-

sary to draw attention is that in none of these

experiments was the kidney extract injected first ;
the injection always succeeded that of some other organ and
it may be objected that it is possible that the rise of pressure
following the injection of renal extract is due to some inter-
action of renal extract with some previous extract. More-
over, it may be thought that the renal extract is of a
different physical character and likely to cause a rise of
pressure from some mechanical effect dependent upon the
granules contained in the emulsion. As will be seen later,
there is no reason to believe that either of these objections
holds good. It is to be observed once again that these
animals were simply under the influence of ether ; this was
so carefully administered that the respiration was maintained
regularly. In another experiment, 33B, with ether anes-
thesia and artificial respiration, the vagi were cut ; an

injection of renal extract then produced the exceedingly
small rise of only four or one millimetre, lasting one minute
40 seconds and 25 seconds respectively. So far as this. one
experiment is concerned it must be stated that the second
injection of an extract has on other occasions shown less
marked reaction than the first one. The slight rise, such as
it is, merely suggests that the rise of pressure on injecting
renal extract is due to a peripheral effect whereby the arterial
pressure is raised.

A CASE OF

PRIMARY INTESTINAL ANTHRAX IN MAN
SEPTIC&AElig;MIA; H&AElig;MORRHAGIC

LEPTO-MENINGITIS.1

BY JOHN H. TEACHER, M.D. GLASG., F.F.P.S. GLASG.,
ASSISTANT TO PROFESSOR OF PATHOLOGY, UNIVERSITY OF

GLASGOW; ASSISTANT PATHOLOGIST AT THE WESTERN
INFIRMARY, GLASGOW.

THE following case of anthrax is of interest from several
points of view. It appears to be an example of that form of
the disease which is the most common in animals but the
rarest in man-viz., that in which infection occurs through
the alimentary canal. The infection was extremely virulent
and the course of the disease was correspondingly rapid, the
whole known duration of the illness being 20 hours. There
was nothing in connexion with the occupation of the patient
to suggest anthrax and the symptoms gave no clue to the
nature of the disease. Until the h&aelig;morrhagic condition of
the meninges was revealed at the post-mortem examination
anthrax was never suspected. Moreover, the case appears to
have been completely isolated and all investigations sub-

sequently undertaken have failed either to reveal the source
of the mfection or to bring to light other cases of the
disease in man or animals in the neighbourhood of the
present one.

Clinical history by Dr. ROBERT BELL.-A man, aged 36
years, was admitted to Ward 12 of the Western Infirmary,
Glasgow, at 11.15 P.M. on Jan. 31st, 1905, in a semi-conscious
and delirious state. According to the account of his friends
he was to all appearance in perfect health until the morning
of the day of his admission, when he rose with the intention
of going to work but returned to bed because he felt

giddy and had a headache. The headache he described
as a pain beginning behind and shooting over to the fore-
head, while occasionally he complained of pain in the

region of his right ear and right eye. He remained in
bed all day and took a little light food, and he

appeared to be not at all seriously ill. About 7 P.M., how-
ever, his friends heard him give a cry and went to the bed-
room, where they found him out of bed, very restless and
excited, and talking in an unintelligible manner. He would
not reply to any questions but would rise suddenly, go and
sit down by the fire, holding his head and moaning, and then
as suddenly he would jump into his bed again and would lie
huddled up. This restlessness and excitement he showed in
an increasing degree up to the time of his admission. The

patient worked at the making of white lead in a paint
manufactory. The people with whom he lodged had known
him for five years and he had been an exceptionally strong
and healthy man. They stated that he had not been a heavy
drinker but he occasionally had a bout of two or three days’
duration, after which he would be steady for some weeks.
When seen in the receiving room at 11.5 P.M. he was being
held in a chair by three or four men so violent were his
struggles. On admission to Ward 12 he seemed unconscious
but if spoken to loudly he opened his eyes and looked about.
If left to himself he lay huddled up with his legs and knees
drawn tightly up and flexed upon the abdomen, his arms
thrown across the chest, and his head bent with the chin on
the sternum. But if any attempt were made to move him or
rouse him he struggled violently and occasionally gave a low
sighing moan. The pupils were moderately dilated and
reacted sluggishly to light ; they were equal. The teeth
were tightly closed and could not be opened. On the gums
there seemed to be a suspicion of a blue line. Respiration
was easy and quiet, 24 per minute. The pulse was small,
wiry, 90 per minute. The temperature was 98’ 40 F.

1 Communicated to the Glasgow Pathological and Clinical Society
in March, 1905.
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Physical examination was difficult owing to the struggles
of the patient on any attempt being made to move him.
The knee-jerks could not be elicited and neither paralysis nor
paresis was anywhere discovered. Examination of the lungs,
the heart, and the abdomen revealed little except that he
winced when comparatively slight pressure was made over
the epigastrium and in the region of the umbilicus. There
was no abdominal distension. No discharge was present
from the ears or nose and there was no sign of conjunctival
h&aelig;morrhage. There was no evidence of injury of any kind.
At 3 P.M. on Feb. 1st he began to have convulsions. The
face was first thrown into contortions-both sides apparently
equally. These then passed to the left arm, then to the left
leg, and rapidly became general. In the convulsions the

pupils became somewhat dilated. The urine drawn off by
catheter was of specific gravity 1042 and contained sugar-
a distinct reaction being obtained with Fehling’s solution-
.and a considerable quantity of albumin. Four convulsive
seizures occurred before death, the interval between succes-
sive seizures being short. In the last the pupils became
contracted and fixed and the patient died immediately the
convulsion ceased at 3.30 P.M.

Post-zzzortena examination. &mdash;This was made 31 hours after
death. The body was that of a strongly built muscular
man. Rigor mortis was well developed. The face and neck
and posterior parts of the body showed considerable lividity.
There was no external mark of injury or disease. As

regards the thorax the mediastinal connective tissues were
very &oelig;dematous. In the anterior mediastinum, just
above the pericardium, there was a large and soft lym-
phatic gland. In section this was seen to be inflamed
with haemorrhages here and there ; it showed a moderate
.degree of carbonaceous pigmentation. Other mediastinal

glands behind this were noticed to be fairly large and
hasmorrhagic. The heart was very flaccid and the muscle
was soft and pale in colour. There was a considerable
amount of blood-staining under the endocardium. There
was no valvular lesion or defect. Each pleural cavity
contained about ten ounces of clear serous (not bloody)
fluid. The lungs were free from pleural adhesions ; there
was no condition of the lung substance which calls for
note. The mucous membrane of the larynx, trachea, and
large bronchi was intensely congested but no swelling,
ulcerations, or h&aelig;morrhagic patches were found. The tongue,
the fauces, and the &oelig;sophagus were also very congested
and the papillas and masses of lymphoid tissue about the
root of the tongue were swollen, but there were no h&aelig;mor-
rhagic patches and no erosions. The peritoneal cavity con-
tained about ten ounces of yellowish turbid fluid. There was
little appearance of general acute peritonitis bat there was
some dulness of the surface of the intestine here and there
and several small h&aelig;morrhagic areas in the small intestine.
The largest of these was situated about four feet from the
pylorus ; it lay for the most part to one side of the
mesenteric attachment ; its deep red surface was flecked
with yellow fibrinous material, and it appeared to be the
centre from which an early acute general peritonitis was
arising. The intestines as a whole were oedematous.

tnternalty corresponding to the bssmorrhagic patches noted
externally were baemorrhagic areas surrounded by zones of
intense congestion. The largest of these, corresponding to
the principal lesion above described, was ulcerated in the
centre. It was extensively infiltrated with blood but

presented no feature by which it could be specifically
designated, having, for example, no resemblance to a

typhoid lesion; it was of quite recent acute character.
This lesion measured about five centimetres in diameter
and faded off gradually into the surrounding pale,
- oedematous mucous membrane. The central parts were

almost black from extravasation of blood and in the
very centre, just to one side of the mesenteric attachment,
the intestinal wall appeared to be necrotic and on the point
of perforation. A streak of intense congestion, studded with
swollen, hasmorrhagic, lymphatic glands, extended from this
to the root of the mesentery. Lower down were several
smaller patches of similar character. The central spot in
them had the appearance of a minute abscess but on cutting
with the point of the knife it appeared to be a small slough
with thick purulent fluid round about it. There was scarcely
any alteration of the mesentery in the neighbourhood of
these smaller lesions. The stomach was congested and near
the pylorus were three small haemorrhagic patches with
rather elevated pustule-like centres about three millimetres
in diameter. The liver weighed 56 ounces. It was very soft

and pale from cloudy swelling. The spleen was considerably
enlarged, very soft, and congested ; it appeared to be septic
in character. All details of structure in the pulp were
blotted out and it flowed out in the form of a thick
chocolate-coloured liquid. The kidneys were rather small
but without irregularity of the surface ; the cortex
was thin and it was pale from cloudy swelling. As

regards the head the dura mater was of normal
appearance. The superior longitudinal sinus was empty
of blood; it contained no thrombi. The cerebral hemi-

spheres on both sides showed extensive and diffuse
pia-arachnoid h&aelig;morrhage. This was most marked over the
vertex and rather more on the left than on the right side.
There was also much blood over the surface of the cere-

bellum. On the lower surface of the cerebrum some hasmor-
rhage was present but very much less than over the vertex.
There was also blood in small amount over the pons Varolii,
medulla oblongata, and upper part of the spinal cord. The
ventricles contained no abnormal amount of fluid; tl e
choroid plexuses showed no basmorrhage. The substance of
the brain presented no abnormality but in the sulci of the
cerebrum and cerebellum there was h&aelig;morrhage, just as in
the pia-arachnoid of the surface. The layer of blood, even
where most abundant, was quite thin, the convolutions shining
out quite clearly through it betwetn the blood-filled sulci.
Up to the opening of the dura mater the case presented

the appearance of some acute septic condition, to the exact
nature of which there was as yet no clue. There was no
eniience in favour of traumatic origin of the pia-arachnoid
h&aelig;morrhage. Professor R. Muir, who made the examina-
tion, considered the case to be one of septicsemia and asked
me to examine the meningeal fluid. Having previously
known of the association of meningeal h&aelig;morrhage with
anthrax I mentioned that it might be of this nature and this
surmise was confirmed by my microscopical examination.
The case was then treated as one of anthrax and precautions
were taken to prevent infection of the staff and students
who were attending the demonstration. The city sanitary
authorities also received notification. Dr. A. K. Chalmers,
medical officer of health of the city of Glasgow, placed the
case in the hands of Dr. J. R. Currie, who made a thorough
investigation of all the circumstances of the occupation,
surroundings, and recent movements of the patient. Dr.
R. M. Buchanan, city bacteriologist, made bacteriological
examinations of all materials which might have carried
infection, including bedding, clothing, handkerchiefs, and
the tallow, waste, linseed oil, and tan used in his work, all
with negative results. Trade and the ordinary casual sources
of infection appeared to be excluded.
The nature of the case naturally directed attention to the

possibility of food infection and miik and meat of which he
was known to have partaken were examined and traced to
farms or the meat market. No cases of anthrax could be
traced at any of the farms but on one farm from which

sheep were supplied several animals had recently died from
some unnamed disease. All the carcasses to which suspicion
could be attached had been passed by the inspector. In
the opinion of Dr. Currie, the exclusion of other sources of
infection, however, gives a certain degree of probability to
the belief that an anthrax-containing carcass had been
used for food in Glasgow at the time when this man con-
tracted his fatal illness. Suspicion was directed to steak
and to a pie of which he was known to have partaken aloDg
with others who did not suffer, but no sure evidence of
infection could b.- obtained. There are many examples of
anthrax carcasses having been consumed without a single
case resulting. The organisms in the interior of meat are
’in the form of the bacilli which would in all probability
be destroyed by the gastric juice. Spores, on the other
hand, would escape destruction in the stomach, and it is
most probable that the patient in this case had swallowed a
dose of spores. The formation of spores might occur on
meat which had lain for some time after being cut and
imperfect cooking of such meat would permit their survival.
Film preparations from various organs were made and

stained with thionin blue and by Gram’s method. The fluid
from the meninges contained, besides the red blood cor-

puscles and polymorpho- and mono-nuclear cells, large
numbers of organisms having the morphological characters
and staining properties of anthrax bacilli, diplococci, which
were occasionally arranged in short chains, long thin bacilli
and short bacilli with polar staining, the last two being
Gram-negative organisms. Anthrax bacilli were not found
in the film prepared from the mediastinal glands at nrst, but.
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six hours later the fluid which had exuded from them was
examined and was then found to contain numerous anthrax
bacilli. Anthrax bacilli were also found in the films from
the spleen, mesenteric gland, and intestinal lesion, as a rule
accompanied by diplococci and streptococci. There was no
trace of spore formation. The peritoneal exudate from near
the largest intestinal lesion consisted of polymorphonuclear
leucocytes and shed endothelium ; it contained numerous
streptococci but anthrax bacilli were not found. Appa-
rently the lesion was virtually a perforation through which
streptococci had reached the peritoneal cavity but not
anthrax bacilli.

Cultures on agar and gelatin were made from the fluid in
the meninges over the upper surface of the cerebrum and
from the spleen. From the former were isolated the anthrax
bacillus, diplococci resembling the pneumococcus, strepto-
cocci, a bacillus of the bacillus coli communis group, and an
organism of about the same size, of oval form, showing
distinct polar staining with thionin blue and decolourising
by Gram’s method. From the spleen the bacillus of anthrax,
diplococci, and streptococci were obtained. Pure cultures
were obtained of all but the organism with the polar stain-
ing. This was clearly not anaerobic as it was recognised in
plate culture. but the agar-slope culture supposed to be
taken from the colony grew only an organism resembling
bacillus coli communis. The anthrax bacillus was submitted
to the usual tests and gave quite characteristic growths in
the different media.
The bloody fluid from the meninges diluted with sterile

saline solution was injected in the skin of the abdomen of
two guinea-pigs and into the auricular vein of a rabbit.
18 hours later the guinea-pigs were still fairly lively
although undoubtedly ill, and the first died 21 hours after
receiving the injection. There was some oedema without
hasmorrhage around the seat of injection. The fluid con-
tained swarms of diplococci with capsules and a certain
number of anthrax bacilli. The peritoneal cavity contained
a large amount of clear fluid in which were found a few
mononuclear cells and large numbers of anthrax bacilli.
The heart blood contained a few anthrax bacilli; the spleen
contained anthrax bacilli and diplococci. The second
guinea pig died four hours later. Round the seat of injec-
tion there were very marked oedema and haemorrhage. Films
contained some diplococci, a fair number of anthrax bacilli,
and immense numbers of oval bacilli with distinct polar
staining like the plague bacillus. No organisms were found
in the blood or peritoneal fluid. The internal organs in

general appeared healthy. Again the organism with polar
staining was not isolated, the cultures yielding only the
anthrax bacillus, cocci, and an organism of the colon group.
The rabbit appeared fairly well at the end of the third day,
but on the following morning it was found dead although
still warm. The blood contained anthrax bacilli in consider-
able numbers and a few diplococci like pneumococci, and the
organs swarmed with anthrax bacilli. Cultures yielded
only anthrax. A third guinea-pig was inoculated from a
subculture of this and it died from characteristic anthrax
septicaemia in about 30 hours and pure cultures of the
bacillus were recovered from the blood. Guinea-pigs were
also inoculated with cultures of the streptococci from the
spleen and diplococci from the meninges, but these hardly
produced even a local reaction. It is therefore clear that the
infection was true anthrax of a very virulent type and that
while other organisms were present the anthrax bacilli were
the principal pathogenic agents. The per nitis in the patient
demonstrated that the streptococci posse’s-cd some virulence
and it appears probable that the other organisms also had
pathogenic properties, the extraordinary numbers of the
oval organism in the subcutaneous tissue of the second

guinea-pig, vihich died without blood infection, being very
suggestive as regards that particular organism.

Histology. &mdash;Sections were prepared from the stomach,
intestines, spleen, mediastinal and mesenteric lymph glands,
kidney, cerebrum, cerebellum, and root of the tongue.
Unfortunately the liver and lungs were removed before
portions had been taken for microscopical examination and
could not be recovered. The microscopical examination con-
firmed the impression that the large lesion of the intestine
above described was the principal seat of infection. The
smaller spots in the intestine presented the character of
small pustules, with necrosis of a central area from three to
five millimetres in diameter involving little more than the
mucous membrane and resting on a bed of polymorpho-
nuclear leucocytes, which infiltrated the submucous and

muscular coats throughout a relatively wide area. Where-
ever the leucocytes were found there were also anthrax
bacilli in considerable numbers. The surface of the slough-
ing centre was crusted with organisms of various kinds. The

large lesions presented a more advanced stage of a similar
condition. The area of necrosis of the mucous membrane
was quite small and infiltration of this coat by leucocytes or
anthrax bacilli was confined practically to the necrotic
centre, but intense congestion with more or less extravasa-
tion of blood was observed throughout a wide area round
about it. The necrotic patches were situated on the edge of
the valvular conniventes. The infective process, on the other
hand, had spread widely in the submucous tissues and in
the planes of tissue between the muscle bundles through to
the subperitoneal layer. The peritoneal membrane was

very ill defined in the sections. There had clearly been
emigration of leucocytes beyond it and while no anthrax
bacilli were recognised in the peritoneal exudate either
in films or sections, streptococci were found in it in
abundance and the anthrax organisms were seen in the sub-
peritoneal tissue. This was the case even in the smaller
lesions, which appeared to be nearing perforation, while the
larger was in effect a perforation. The intestinal wall was
swollen and its tissues were opened up by extravasation of
blood and accumulation of leucocytes and necrosis of con-
siderable extent had taken place. In the necrosed tissues
very little could be made out of tissues or organisms, but in
the surrounding tissues there was great accumulation of
anthrax and other organisms. No anthrax bacilli had been
observed within the blood-vessels in the wall of the intestines
or in the vessels of the adjacent mesentery. The blood-vessels
were so distended and packed with blood as to convey the
impression that stasis of the circulation had occurred, but
there was, as a rule, no sign of actual thrombosis within
them. The walls of the vessels had a swollen hyaline appear-
ance and the nuclei appeared to be reduced in number and
stained badly as if they had been undergoing necrosis.
The sections of mesentery were taken from the part

related to the largest lesion but beyond the first line of
lymphatic glands. In them it was found to be deeply con.
gested and swollen, its tissues extremely oedematous,
hyaline, and breaking down in parts and infiltrated with
enormous numbers of polymorphonuclear leucocytes, among
which anthrax bacilli were found in small numbers. The
mesenteric glands, even to the root of the mesentery, were
swollen, necrotic in parts, and infiltrated with blood and
polymorphonuclear leucocytes to an extent which obscures
their proper structure. Anthrax bacilli were present in
immense numbers, especially near the capsule, along with
other organisms, of which streptococci were the most
numerous.

The lesions in the stomach proved to be very small
aggregations of leucocytes lying for the most part deep in
the mucosa., surrounded by a zone of congestion. Anthrax

bacilli, however, were found in them in considerable
number. The spleen was so much distended with blood and
polymorphonuclear leucocytes that the normal structure
was hardly recognisable. The fine trabecular tissue of the

pulp and the walls of small vessels were hyaline or broken
down and the endothelium was shed and lay mixed with the
blood and other cells. The Malpighian bodies could hardly
be distinguished, the lymphoid tissue being for the most
part replaced by large round cells with large vesicular nuclei
and polymorphonuclear leucocytes clustering around the
vessel. Phagocytosis by the large cells was not made out.
Anthrax bacilli were present in considerable numbers in the
blood and among the cells, and there were also some strepto-
cocci, as a rule in colonies. The swollen root of the tongue
showed great congestion and a few streptococci in the

lymphoid follicles but no anthrax bacilli. Several of these,
however, were found in the widely dilated blood-vessels.

The supposed large mediastinal gland proved on section
to be a mass of glands bound together by cadematous, blood-
infiltrated, areolar and adipose tissues. The lymphatic
and other tissues were overrun with polymorphonuclear
leucocytes and broken up by hemorrhage. Patches of
necrosis were seen in all the tissues. Anthrax bacilli were
found with difficulty but streptococci were present in large
numbers, many of them occupying dilated blood-vessels.
There was also much carbonaceous pigment, indicating that
it lay in the drainage system of the lungs. In view of the
loss of the lungs this condition is of importance, the
contrast between these glands and the mesenteric glands in
respect to the presence of anthrax bacilli confirming the
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naked-eye impress.on that the lungs and bronchi were free
from primary anthrax lesion.
The kidneys, in spite of their comparatively normal

appearance to the naked eye, were the seat of most profound
changes. The epithelium of the convoluted tubules was
entirely necrotic and so swollen as to occupy practically the
whole lumen of the tubules; that of the straight tubules
was more or less swollen and shed but not necrotic. Many
of the basement membranes were swollen and hyaline. The

glomeruli presented no sign of the acute disease beyond
some hyaline change. A very few anthrax bacilli were
found in them and in blood-vessels. There was distinct
evidence of an old interstitial nephritis in increase of
connective tissue and some sclerosis of glomeruli.- The
blood-vessels, especially in the pyramids, were distended
with blood and there was a little extravasation in places.
The sections of the brain showed that the haemorrhage had

occurred in the pia-arachnoid. There was for the most part
no layer of blood such as has been described in cases of

longer duration and was seen by me in sections from a
case in Vienna, but the whole thickness of the pia-arachnoid
was more or less opened up by the escaped blood which
occupied its interstices and also in places separated its

deep surface from the brain. In some sections, however, the
layer of blood was thicker and more homogeneous. Over the
convolutions the pia-arachnoid was only from a quarter to
one millimetre thick, but the quantity of effused blood was
greater in the sulci. To the naked eye the subdural space
appeared quite free from blood, but in some parts of the
sections a layer of leucocytes mixed with some red corpuscles
was found lying apparently on the surface of the pia-
arachnoid. The inflammatory character of this exudate was
of interest because in many parts of the pia-arachnoid the
condition had the character of a diffuse haemorrhage rather
than a haemorrhagic meningitis, the polymorphonuclear
leucocytes and free-lying mononuclear cells being scarcely
more numerous in the extravasated blood than in that within
the vessels, and there being no leucocytic exudation in the
tissues. There were, however, some masses of older blood
clot and thrombus with fibrin network in which polymorpho-
nuclear leucocytes were present in large numbers. In places,
also, one found considerable collections of polymorpho-
nuclear leucocytes in the pia-arachnoid, especially in its

deepest layer. The anthrax bacilli were found in very small
numbers in the exudate on the free surface of the pia-
arachnoid but in immense numbers within that membrane.
They were perhaps most numerous in the leucocyte-infiltrated
tissues and in the older masses of blood, but they were also
present in large numbers in areas of connective tissue
which showed no reaction of this kind. The numbers
in the extravasated blood varied, being small in some
of the largest and most recent-looking extravasations,
and in the blood which was within the vessels there
were very few, although in some vessels several might
be seen. The bacilli were also fairly numerous in the
external coats of blood-vessels of the pia mater, sometimes
forming a distinct pale blue ring around them. The blood-
vessels of the pia mater were widely dilated and the walls
presented hyaline changes and shedding of the endothelium ;
those of the veins and smaller vessels were in many cases
necrotic and actually broken down. The brain substance
was comparatively little affected ; there were some oedema
and disintegration of the superficial tissues where the blood
had passed between it and the membranes ; the chromatic
granules were as well preserved as they are ordinarily found
30 hours after death ; there was almost no extension of the
hsemorrhage along the fine nutrient vessels of the cortex and
the bacterial invasion of these vessels and their lymph
spaces was practically coextensive with the haemorrhage.
While no haemorrhage in the substance of the brain was
recognised with the naked eye the sections revealed a
number of minute haemorrhages deep in the cortex. The
extreme dilatation of the medium-size vessels appeared to be
the first stage of this, the wall finally disintegrating and the
blood escaping to the surrounding lymph space or invading
the soft brain substance. Anthrax bacilli were found only in
two or three of the dilated vessels or the most recent hoemor-
rhages, although a large number were searched for them, but
they appeared in considerable numbers in several of the
haemorrhages which were of somewhat larger size.
The organisms discovered in the films-viz., diplococci,

bacilli like bacillus coli communis and oval bacilli with polar
staining, long thin bacilli with terminal spores and a few
long coarse filaments, were recognised in the sections, but

by far the most numerous organism was the anthrax bacillus.
A number of fragments of columnar epithelium were also
found in the extravasated blood-a condition which is dis-
cussed below. The condition in the cerebellar was similar to
that in the cerebral meninges but less advanced ; here also it
was most marked in the sulci.
The condition thus is clearly a baemorrhagic meningitis in

which, however, the inflammatory reaction in the ordinary
sense is but little developed, probably on account of the
extreme violence of the irritant.
The case then presents the appearance of an extremely

violent attack of internal anthrax. Such cases, so rapidly
fatal, are described by Bell as not infrequent in pul-
monary anthrax (wool-sorters’ disease). The patients
apparently receive a large dose of virulent anthrax bacilli
or spores which constitute an invading force so over-

whelming that they collapse almost without a sign of re-
sistance. The actual illness may last a shorter time even
than in the present case, and the total period from the
contact with the infected material which is blamed may
be less than 48 hours. In districts where the trades are
pursued which are known to expose the workers to anthrax
infection, such cases will probably not escape recogni-
tion. Where, as in the piesent case, there was nothing to
connect the condition with anthrax, it is very different, and
the importance of post-mortem examination can hardly be
overstated. As it was, the diagnosis, even at the examina-
tion, presented difficulties which might well occur again
and deserve careful consideration. The illness was an acute
one with implication of the nervous system as its only
prominent feature, this being explained by the presence of
a lesion of the meninges of recent origin. Elsewhere-viz.,
in the intestine-was found a lesion obviously of older date
with corresponding changes in the mesenteric glands, and
no other lesion of equal age was found on any other mucous
surface and there was no external wound or oedema. In
other respects the appearances were those of septicaemia.
In the circumstances it is impossible to imagine the intestinal
lesion the result of a general infection and we are forced to
the conclusion that it was the site of entry of the infection.

It is unfortunate that the question of infection through
the respiratory tract cannot be settled by microscopic
examination. The cedema and haemorrhagic infiltration of
the mediastinal tissues and the pleuritic effusion are among
the characteristic post-mortem appearances of the pulmonary
form of anthrax as described by Greenfield,3 but both of
these might be phenomena of the general toxaemia which is
shown in the condition’ of the spleen and kidneys and blood-
vessels. On the other hand, the scarcity of anthrax bacilli
in the mediastinal tissues and glands is in striking contrast
to their abundance in the mesenteric glands, and the absence
of characteristic naked-eye lesions of the lungs and bronchi
was confirmed by several observers.

Infection through the intestine is the rarest form of
anthrax in man although the commonest in cattle and
horses. Intestinal lesions associated with malignant pustule
or carbuncle appear to have been recorded first by Fournier 4
about 1750. The connexion of the human malignant
carbuncle and cases of malignant fever without external
lesion with the charbon or anthrax of animals appears
to have been recognised towards the end of the

eighteenth century by Chabert 5 (1780). In the early part
of the following century, intestinal lesions similar
to those described by Fournier were noted apart
from external pustules by Costa and Bertin.6 Under the
name mycosis intestinalis cases of general infection with
intestinal lesions were recorded in Germany by Wahl7 7
(1861), von Recklinghausen s (1864) and Buhl (1868), who
noted the resemblance of the lesion to the intestinal anthrax
of cattle, and Waldeyer 10 (1871). Blavot,ll in his account of
an epidemic of anthrax in Strasburg in 1863, observed intes-
tinal lesions, and in 1871 M&uuml;nsch,1"1 in investigating anthrax
among hairworkers in Moscow, appears to have had to do
with the three types-malignant pustule, pulmonary

2 J. H. Bell: Article "Anthrax," in Allbutt’s System of Medicine,
1897, vol. ii., p. 525.

3 Greenfield: Reports of Local Government Board Medical Officer,
London, 1881.
4 Fournier: Quoted from Ziemssen’s Cyclopedia, 1875, vol. iii., p. 401.

5 Chabert: Quoted from Bell, vide reference 2.
6 Costa and Bertin: Quoted from Ziemssen, see reference 4.

7 Wahl, 8 Von Recklinghausen, 9 Buhl, 10 Waldeyer: Quoted from
Bell, see reference 2.
11 Blavot: Quoted from Ziemssen’s Cyclopedia, 1875, vol. iii., p. 421.

12 M&uuml;nsch: Quoted from Bell, see reference 2
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anthrax, and mycosis intestinalis-and to have recognised
that they were all manifestations of one disease-anthrax..
More recently, a number of papers on the subject accounting
for about a dozen cases have been published in ’Germany.
Many of these cases, however, were pulmonary anthrax with
se ondary intestinal infection.
Up to 1901, according to Bell, primary intestinal anthrax

without external lesion had not been observed in this country,
and although he states, without giving details, that it is not
uncommon in countries where anthrax is of frequent occur-
rence, it is evidently a decided rarity. Cases of gastric or
intestinal anthrax, either accompanying a malignant pustule
(cases of Mahomed,J3 Newton PiLt,14 Lucas,l6 and Bell)
or associated with extensive lesions in the lungs (Poland), or
of the oelematous and erysipelatous type of anthrax (Bell 16 )
have been described, but for the most part the duration of the
illness was much longer than in the present case and the
gastric and intestinal lesions were held to be secondary.
Poland 17 regarded his case as of the inhalation type but the
intestinal lesions were large, and but for the fact that there
was little alteration in the mesentery the case would well
bear interpretation as primary intestinal anthrax.
The case reported by Scott IH in 1901 is probably an

example of primary infection of the stomach by hair but
with an accompanyiog skin infection. The subject was
employed in an upholsterer’s workshop as a cleaner and the
infection was traced to hair which was in use for stuffing
chairs. Other cases occurred among hairworkers about the
same time in Glasgow. The woman first noticed a pimple
on her cheek which after some days developed into a typical
malignant pustule. On the third day she had a rigor, on the
eighth day she developed epigastric pain, and died on the
tenth day of illness. " Malignant pustules of large size were
found in the stomach while numerous smaller ones were
found in the intestines. It is interesting to note in connexion
with these pustules in the stomach and intestines that her 

’’

brother voluntarily stated that the patient was in the habit
of chewing hair." The forewoman at her place of work had
noticed portions of the hair between her lips. In more
recent literature I have found after fairly extensive search
only one case in this country and a case recorded by
Risel,19 which will be referred to further for other reasons,
and in both of these the intestinal lesion appears to have
been secondary.
The flesh of animals which have died from the disease has

frequently been eaten by man without ill-effects. Infection
of cats, dogs, and pigs by other portions of the same meat
has been recorded 20 ; the different result in this instance

may have been due to the meat in the case of man having
been cooked, whereas in the case of the animals it was raw.
Experimentally it has been shown, however, that carnivorous
animals are much less readily infected by feeding than
graminivorous animals. Man appears in this respect to
resemble the former class, even secondary infection of
the stomach and intestines being so rare that a relative
immunity to this form of infection appears probable.
The diffuse meningeal hemorrhage, which was responsible

for the most striking clinical features of the present case as
well as for the recognition of its nature, is in many respects
of great interest. Haemorrhage, more or less diffused

throughout the pia-arachnoid, is not a very rare condition.
It is the commonest form of cerebral haemorrhage in
infants, occurring at birth as a traumatic condition, while
the cause of cases occurring later appears to be obscure.
It is associated with convulsions, whooping-cough, and
sinus thrombosis in wasting disease. It is said to have
been seen in infantile tetanus. In adults it is met in asso
ciation with injury and apoplexy and septic conditions. In
apoplexy the blood tends, as a rule, to pass inwards into the
substance of the brain rather than to diffuse itself through
the pia-arachnoid, but in cases of haemorrhage bursting into
the lateral ventricles and arachnoid cisterns of the base of
the brain a very general diffuse hasmorrhagic condition of
the membranes has been observed, but the accumulation of

13 Mahomed: Transactions of the Pathological Society of London,
1883, vol. xxxiv., p 294.

14 Newton Pitt: Ibid., vol. xlii., p. 108.
15 Lucas: Brit. Med. Jour., vol. i., 1893, p. 350.

16 J. H. Bell: Brit. Med. Jour., vol. ii., 1901, p. 1330.
17 J. Poland: Transactions of the Pathological Society of London,

1886, vol. xxxvii., p. 550.
18 Alex. Scott: Brit Med. Jour., vol. ii., 1901, p. 136.

19 Risel: Zeitschrift f&uuml;r Hygiene und Infectionskrankheiten, 1903,
vol. xlii., p. 381.

20 Meat Infection, Gilruth in Report of New Zealand Department of
Agriculture, Division of Veterinary Science, 1901-02.

clots about the base of the brain and in the ventricles
produces a condition which could hardly be confused with
the present. The closest resemblance to this condition
which I have seen was observed in a case of multiple
small lacerations of the cerebral hemispheres due to a fall
without fracture of the skull, but the diagnosis presented no
difficulty.

Pia-arachnoid haemorrhage due to septic disease, according
to Pye-Smith,21 is not common ; it occurs in blood poisoning,
pneumonia, ansemia, and purpura. Coats 22 mentions in
addition anthrax and ulcerative endocarditis. Scurvy is also
mentioned. "Blood poisoning " and pneumonia are the
commonest names under which unrecognised cases of
anthrax in the beginning and course of epidemics are regis-
tered and purpura is a somewhat vague septic condition
which might cover anthrax.
Although the records of hsemorrhagic meningitis are not

numerous, it appears to be no great rarity in comparison
with the total number of cases of human anthrax which
prove fatal. Bell states that about 22 per cent. of the
subjects of anthrax in the epidemics in Bradford and the
neighbouring wool-manufacturing districts showed rambling
of the mind and delirium, and of these five became coma-
tose and three had convulsions (eight out of 87) and in
most of these he believed that meningeal hemorrhage had
occurred. It was observed post mortem in three cases

which are detailed by Greenfield 23 in his report on the
Bradford epidemic. Risel has collected from German and
English literature over 24 cases in which the condition was
found. It is therefore perhaps not too much to say that in all
cases of acute disease, especially if associated with septic
phenomena such as enlargement of the spleen and media-
stinal oe lema, diffuse heamorrhage into the meninges ought
to awaken suspicion of anthrax. 24
As regards the route by which the organisms reached the

meninges there are three alternatives, of which two are
allied. It appears to be taken for granted that, as a rule,
they are conveyed by the blood stream. In Risel’s collection
there would come under this category all the inhalation
cases, 12 in number, three of obscure internal origin, and
five or six external, but there are four cases in which the
pustule was situated on the face or neck, and in one of these
(Ziemke’s) the meningeal infection was regarded as having
occurred through the lymphatics. There was great oedema.
of the neck with widespread infection of the lymphatics,
which was held to have obstructed the lymphatics draining
the cranial cavity and enabled the bacilli to travel back
along them to the subarachnoid lymph spaces and their
branches. In these cases no bacilli could be found in the
blood. In the other cases the bacilli were found within the
vessels, but as a rule were few in number in comparison
with the immense numbers in the extravasated blood. In
one or two the bacilli swarmed in the blood-vessels as in’
those of animals inoculated experimentally.

In the case recorded by R!sel (Case 2 of his paper) the
lungs were free from infection, there was a small intestinal
pustule with limited infection of the mesenteric glands, and
the most striking lesions were situated in the nose and pia
mater. The nasal mucous membrane was swollen, infiltrated
with blood, and flecked with bloody mucus. Anthrax
bacilli were found in abundance in it at several points and
there was a haemorrhagic and leucocytic exudation contain-
ing bacilli in the perineural lymphatic channels of the

olfactory nerves which was followed through the cribri-
form plate to the dura mater overlying it. There
was an enormous pia-arachnoid 1,2emorrhage, the layer
of blood beneath the arachnoid being one centimetre
thick over certain parts of the cerebral hemispheres. There
was much blood also about the base cf the brain. The
bacilli were present in large numbers in the extravasation
and in the meshes of the pia-arachnoid, and especially in
the lymph channels surrounding the blood-vessels of the
meninges and the small nutrient vessels of the cerebrum,
but they could not be found ?vit7tiz the blood-vessels of the
meninges. There were a few in the spleen and liver but
none in the lungs or kidneys. Risel therefore appears to be
justified in concluding that they had reached the soft

2 Pye-Smith: Hilton Fagge’s System of Medicine, vol. i., p. 557.
22 Coats : Text-book of Pathology, fourth edition, p. 400.

21 Greenfield: As above, see reference 3.
24 I have to express my indebtedness to Dr. K. Landsteiner of

Vienna, who had informed me that he had seen more than one post-
mortem examination in which the discovery of diffuse pia-arachnoid
h&aelig;morrhage gave the first warning that the pathologist had to deal
with a case of anthrax.
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meninges through the perineural lymphatics of the olfactory
nerve which are known to be in direct communication with
the subarachnoid lymph spaces.
From the first the infection in the present case was

interpreted as blood-borne. The practically universal
distribution of the extravasated blood, the comparative
thinness of the layer, and the absence of any definite
focus from which the condition appeared to spread, all .eem
to preclude any other explanation. Moreover, at the base of
the brain the amount of extravasated blood was relatively
small and nothing called attention to the points at which the
lymphatic channels pass inwards or outwards. The cribri-
form plates and the roots of the optic nerves certainly
presented no haemorrhagic lesion. Judging by the condition
of the lymphatics of the intestine in the neighbourhood’ ",
of the pustules, had the organisms reached the skull
by channels of this nature there would have been a

local lesion and a spreading lesion centred about it.
Where there had been great haemorrhage such a lesion

might well be obscured, but this could not have been the
case where the lesion was at such an early stage as in the
present case. No nasal discharge was noted during life.
Moreover, there was clearly a generalised infection, although
the bacilli were not numerous in the blood. The extreme
dilatation and breaking down of the walls of the blood-
vessels in the pia mater and in the intestines where
bacilli were numerous may be interpreted as due to toxic
causes working from without, but in the spleen, the mesen-
tery, and the mediastinal tissues it may be, and in the
tongue, the cerebrum, and the kidney it must be, regarded as
due to an internal cause. A reason, although not an explana-
tion, why it should have produced such extraordinary effect
on the vessels of the brain may perhaps be found in the
cirrhosis of the kidney-a condition which is commonly held
to favour cerebral and meningeal haemorrhage. Moreover, a
few little haemorrhages (represented by the older masses of
blood and leucocytic exudation mentioned in the description
of the brain) would allow some escape of bacilli into the
meninges where they found a favourable nidus in which to
develop. Then the external toxic effects would speedily
produce further bleeding and a condition which corresponds
with the extreme rapidity of the last pbaseiof the clinical
course of the case.
An additional proof at once of the intestinal nature of the

primary infection and of the blood-borne character of the
infection of the meninges ia supplied by the discovery of

fragments of columnar-celled epithelium in the blood in the
meninges. These were at first regarded as accidental and
due to some fault in handling of the material, but further
investigation showed that this view must be abandoned.
The structures were found deep in the sulci of the cerebrum
in Eections from the centre of blocks of tissue which had
been carefully fixed and imbedded in paraffin. They were
clearly in the blood in the suci and must, I think, have been
brought there by the blood stream. Similar structures were
found in the submucous coat of the principal intestinal
lesion, where they were recognised as identical with the

epithelium covering the villi and lining the Lieberkuhniar
crypts. How they came into their position is not clear bu1
they appear to have entered at the central necrotic area oj
the lesion.
Analogous observations referring to bronchial ciliatec

epithelium in the first case and bile-duct epithelium in the
second are recorded by Fo&agrave; and Lubarsch.2a The conditior
is very curious, as these structures have no close relationshil
to the blood-stream such as is seen in the well-knowr
embolism of bone marrow and placental cells.

<S’MMWM:.&mdash;In conclusion little need be said. Clinically
the case was one of acute illness terminating fatally within
24 hours, the prominent features of which were headache
cerebral irritation manifesting itself in restlessness, delirium
and finally convulsions. There was also slight abdomina
tenderness which might have suggested peritonitis but ther4
was no pyrexia. The history afforded no hint as to th4
nature of the disease. At the post-mortem examination th4
case presented the features of an acute septicaemia and earl:
peritonitis which appeared to spread from a haemorrhage
lesion of the small intestine with ulceration and necrosi
internally and signs of an infective process extend
ing up the mesentery. The nervous phenomena wer

explained by the discovery of a diffuse haemorrhage
condition of the pia-arachnoid, which microscopica

25 Fo&agrave; and Lubarsch: Lubarsch’s Allgemeine Pathologie, 1905,
Band i., Part I., p. 250.

examination demonstrated to be an early meningitis
due to the bacillus anthracis. The identity of the
organism was proved by cultivation and inoculation
experiments. The intestinal lesion was clearly the oldest
and the conclusion appears fully warranted that the case was
anthrax septicaemia due to intestinal infection caused most
probably by the ingestion of a quantity of anthrax bacilli or
spores in food.

I have to express my indebtedness to Professor R.
Stockman and Professor R. Muir for permission to publish
the case, to Dr. Bell for the clinical mtes, and to Dr.
Chalmers and Dr. Buchanan for permission to use their
reports.

Glassgow

A NOTE ON THE TECHNIQUE OF
COLON-IRRIGATION IN A CASE OF
APPENDICOSTOMY FOR COLITIS.

BY WILLIAM EWART, M.D. CANTAB., F.R.C.P. LOND.,
SENIOR PHYSICIAN TO ST. GEORGE’S HOSPITAL AND TO THE BELGRAVE

HOSPITAL FOR CHILDREN.

As the procedure which I have used in this case has been
alluded to both by Sir William Bennett and by Mr. C. B
Keetley 2 a brief description of these beginnings in the
utilisation of the appendix for therapeutic purposes may
not be inopportune. The patient, a female, aged 44 years,**
now convalescent after upwards of 12 months’ diarrhoea and
wasting from mucous colitis, was sent to me for diagnosis
and treatment by Mr. T. J. Hitchins under some suspicion
of a carcinomatous affection which was suggested by
the intractable nature of the complaint and by a slight
tendency to haemorrhage from the bowel. After ineffectual

medical and dietetic measures appendicostomy was decided
upon and was performed for me on Dec. 20th by Sir William
Bennett, as described in his lecture, most successfully and
with the happiest results as regards complete freedom from
surgical complications and from any troublesome leakage of
gas or of fasces. Since that date the colitis has been
treated through the appendix by myself and by my skilful
house physicians, Mr. J. H. Bankes and Mr. J. Aylen, with
a variety of remedies, such as extensive irrigations with
saline solution, starch water, infusion of marshmallow, &c.,

, 

and injections of oil, of lime water, of various astringents,
of ipecacuanha powder in suspension together with cin-
namon and charcoal, of glycothymolin, and of argyrol-
none of which stopped the profuse discharge of blood-

 stained mucus. This ceased, however, a fortnight after
l beginning a course of a simple daily injection of two ounces
 of liquid paraffin into the csecum, charcoal being administered

by the mouth. Further therapeutical details are unnecessary,
’ 

as the main object of this communication is to describe the
 mode of performance of the injection and irrigation of the
t csecum and colon and of the systematic irrigation of the

lower part of the ileum.

. 
1. irrigation of the crec2cm and colon.-For this I used al No. 8 male indiarubber catheter, with a very pliable soft

! 
copper wire as stilette, bent upon itself at its extremity to

l obviate the risk of any injury to the mucous membrane.
) 

Dipped in glycerine the catheter slips in easily into the cascum,
1 where it is apt to coil itself if more than a few inches of its

length are introduced, as was shown in a skiagram taken by
7 Mr. F. Thornton Addyman. The largest irrigation used was of
1 20 pints, supplied from an irrigator under moderate pressure,
, The patient, placed in the dorsal decubitus, is previously
provided with a good-sized rectal tube with attached outflow
 tube. It is convenient to insert one or two glass joints in the length of both sets of tubing. No pain or undue dis-

tension results if the way should remain clear. Should, how-
ever, any delay occur in the outflow other than the normal

F" periodic intermissions due to peristalis of the colon it
will probably be found that the caecum has become dis-
tended and that by turning the patient slightly towards the

- 

left the flow will be restored. A judicious use of the clips
on the supply tube and on the rectal outflow tube can be-

1 THE LANCET, Feb. 17th, 1906.
2 THE LANCET, April 14th, 1906.

3 St. George’s Hospital Medical Register, No. 1940 of 1900.
4 THE LANCET, Feb. 17th, 1906.


